To define relationships between smoking status, body mass index (BMI), waist and hip circumferences (WC, HC) and waist to hip ratio (WHR). DESIGN: Further analysis of the cross-sectional Scottish Health Survey 1998 data. SUBJECTS: Nationally representative sample of 9047 adults aged 16-74 y. RESULTS: Body mass index (BMI) was lower in current smokers and higher in exsmokers (Po0.001) when compared with nonsmokers in the survey population as a whole. After adjustment for confounding factors (age, social class, physical activity and alcohol intake), these differences still remained. However, examination of age categories showed no such differences in BMI between current smokers and nonsmokers in men aged 16-24 y or women aged below 55 y. In the age category 16-24 y, prevalence of cigarette smoking was highest at 51% (men) and 43% (women) in obese subjects and lowest at 35% (men) and 33% (women) in people with BMI of 25-30 kg/m 2 . For women current smokers, mean WC and WHR were higher and HC was lower compared with nonsmokers (Po0.001). In men, only HC was lower in current smokers compared with nonsmokers for the entire sample (Po0.001). CONCLUSION: Cigarette smoking is associated with a lower BMI in adults over 24 y particularly in men, but not in younger people. In women, smoking is linked to the development of central adiposity. The gender-related central adiposity of men is not further increased by smoking, but a lower HC could suggest a reduction in muscle mass.
Introduction
Tobacco smoking and obesity are the leading causes of preventable death. 1 Tobacco alone contributes 4.9 million deaths annually and is one of the most important causes of morbidityFmainly cardiovascular disease, respiratory disease and cancers. 2 Overweight and obesity are now recognised as one of the major causes of preventable ill health, and are increasing globally, raising the risk of death from all causes and multiple disabilities. 3 Obesity has been estimated to cause 385-500 000 deaths annually in the USA. 1 A multiplicative interaction between the risks of smoking and overweight is well established in the aetiology of coronary heart disease. 4 Despite awareness of the detrimental health effects of cigarette smoking, many people either prefer to smoke or are unable to cease. Aside from the addictive properties of nicotine, one possible explanation for the continuation of smoking is the belief that it can assist in controlling body weight. 5, 6 An increased awareness of the adverse health effects of obesity and overweight together with peer pressure to encourage slimness may encourage the use of smoking as a means of weight control by young adults. 6 However, the catastrophic increase in health risks when smoking and overweight are combined may not be widely understood. 7 Nicotine addiction is a multifactorial process, which influences body weight. 8 Most of the studies have shown a negative relationship between smoking and body weight. [9] [10] [11] [12] However, direction and strength of the association varies considerably among adult populations, according to socioeconomic status and smoking duration. [13] [14] [15] [16] Studies on biracial African-American and white teenagers and younger adults have suggested that in younger people cigarette smoking has minimal effects on body weight control, and may encourage weight gain. [17] [18] [19] Furthermore, some studies [20] [21] [22] [23] have found that smokers have an abnormal body fat distribution with more central adiposity. Early studies measured waist to hip ratio (WHR) to evaluate body shape. 21, 22 However, WHR is a poor indication of body fat distribution as measured by CT or MRI scanning. 24 Waist and hip circumferences (WC, HC) measure different aspects of body fat distribution 25 and show independent and opposite effects on cardiovascular risk factors, which are not reflected properly by WHR. 26 Thus, closer examinations of the relationships between smoking, body mass index (BMI) and body shape using WC and HC separately in a representative sample of adults with a high prevalence of cigarette smoking are justified and presented in the present study.
Subjects and methods

Sample
The Scottish Health Survey (SHS) 1998 is a cross-sectional nationally representative survey that was designed to provide a comprehensive picture of the health of the Scottish population both to document the prevalence of health risk factors and monitor progress towards health targets. A total of 9047 adults aged 16-74 y participated in the 1998 survey, with an overall participation rate of 76%. All data were weighted by the inverse of the probability of selection for sector, the address within sector, the household at the address and the individual within the household. Full details of the survey methods have been published elsewhere.
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Anthropometric measures and lifestyle factors Weight, height, WC and HC were measured using standard techniques by trained staff. 27 Height was measured with a portable stadiometer in bare feet with a standing position.
For subjects who could not stand straight or were unsteady on their feet, demi-span, which is an alternative to height as a measure of skeletal size in elderly people, was measured. Body weight was measured to the nearest 0.1 kg in bare foot and light clothes with the Soehnle scales. WC was measured midway between the lateral lower ribs and iliac crests. HC was defined as being the widest circumference over the buttocks and below the iliac crest. Height, WC and HC were measured to the nearest millimetre. WC and HC measurements were made at least twice and the mean was used. BMI was calculated as weight divided by height squared (kg/m 2 ). Overweight and obesity were defined as a BMI of 25-29.9 and Z30 kg/m 2 , respectively. 28 WHR was calculated as WC divided by HC. Respondents cigarette smoking status was classified as follows: regular cigarette smokers, those who said they smoked cigarettes at all at the time of the interview; exsmokers, those who smoked cigarettes regularly in the past but did not currently and nonsmokers those who had never smoked cigarettes regularly and were not current smokers. Levels of physical activity were measured by a questionnaire that asked about the frequency, duration and intensity of four major types of activity: activity at home, walks of 15 min or more, sports and exercise activities, and activity at work in the 4 weeks before the interview. These activities were then compiled to calculate overall physical activity and divided into five categories based on different levels of physical activity recommendations which were: inactive, low activity, at least 30 min moderate activity on at least 5 days a week, at least 20 min vigorous activity on at least 3 days a week 9 and 30 min moderate activity on 5 days a week plus 20 min vigorous activity on 3 days a week.
Alcohol consumption over the previous 12 months was assessed using questions on frequency, type, average number of days per week on which alcohol was drunk, the usual quantity consumed on any 1 day and finally, the weekly units of alcohol consumed were calculated. This was then divided into four groups of weekly alcohol intake for both men and women. For men, these quantities were under 1 unit, 1-10 units, 10-21 units and over 21 units. For women, these were under 1 unit, 1-7 units, 7-14 units and over 14 units.
Social class was based on the Register General's Standard Occupation Classification using the current or last occupation of the chief income earner within the informant's household, in one of six categories: professional, intermediate, skilled (nonmanual), skilled (manual), partly skilled or unskilled.
Data analysis
Analysis was carried out using the statistical package, SPSS 11.0 (SPSS INC., Chicago, IL, USA). Analyses were stratified by gender and age group. The majority of response variables showed skewed distributions and logarithmic transformations were carried out. Mean BMI, WC, HC, WHR and total units of alcohol and physical activity by smoking categories were calculated and the differences were tested by analysis of variance (ANOVA) and Bonferroni post hoc test. The general linear model (GLM) was used to compare the adjusted means of the anthropometric indices among different smoking categories in the whole population and all age groups. BMI was adjusted for age (except for stratified analysis by age groups), social class, physical activity and alcohol consumption. For WC, HC and WHR, an additional adjustment for BMI was carried out. The data were expressed as the geometric mean and 95% confidence interval. Statistical significance was set at Po0.05 for all tests.
Results
Smoking status and BMI
Of the 9047 respondents, 8125 (50.1% male, 49.9% female) had a valid BMI. Approximately 34% of male and 32% of female subjects were current cigarette smokers, and 22% of male and 18% of female subjects were exsmokers. The Cigarette smoking, body mass index, body shape M Akbartabartoori et al proportion of current smokers fell with increasing age in contrast to exsmokers. Figures 1 and 2 report the prevalence of cigarette smoking, which is higher among obese subjects in the youngest age group but falls with increasing age in both sexes. Table 1 presents unadjusted mean values for anthropometric data, alcohol consumption and physical activity according to cigarette smoking status and sex. Current smokers had significantly lower mean BMI, and exsmokers had significantly higher mean BMI compared with nonsmokers in both sexes (Po0.001). Table 2 shows that after adjusting for social class, physical activity, age (for all ages) and alcohol, current smokers are still significantly leaner than non-and exsmokers in total (Po0.001), and in men aged over 25 y and in women aged over 55 y (Po0.05). Although exsmokers had the highest mean BMI overall in both sexes (Po0.05), there were no significant differences in BMI between exsmokers and nonsmokers of any age group.
Smoking status and body shape Cigarette smoking in men was associated with a significantly smaller unadjusted mean WC compared to non-and exsmokers (Po0.001) ( Table 1) . Unadjusted mean WC in women current smokers was significantly smaller than in women exsmokers (Po0.001), but was not significantly different from nonsmokers. WC covaries with BMI since both are correlated with body fat content. 29 Mean WC adjusted for social class, physical activity, alcohol consumption, age (for all ages) and BMI in men was significantly different only in those aged 55-64 y, among whom current smokers had significantly larger WC than nonsmokers (Po0.05) ( Table 3 ). In contrast, women current smokers had a significantly larger WC for the entire sample (Po0.001) and in those aged between 35-64 y (Po0.05) compared with nonsmokers. Total unadjusted mean HC was significantly higher among exsmokers and lower among current smokers when compared with nonsmokers for both men and women (Po0.001) ( Table 1) . Table 4 reports mean HC adjusted for social class, physical activity, alcohol consumption, age (for all ages) and BMI. Examining all smokers as one group showed that they had a smaller mean HC than nonsmokers (Po0.001) for both sexes and than exsmokers among women (Po0.001). Current smokers aged 35-44 y (men) and 16-54 y (women) had a significantly smaller mean HC than nonsmokers (Po0.05). Exsmokers aged 16-24 y (men) and 25-54 y All data except alcohol and activity are geometric mean+95% confidence interval; n, number of subject based on BMI; BMI, body mass index; Hip, hip circumference; Waist, waist circumference; WHR, waist -to hip ratio; Alcohol/week, total units alcohol consumption per week; Activity/day, total number of days of 30 min or more at least moderate physical activity in 4 weeks; **compared with nonsmokers Po0.001, ++ compared with exsmokers Po0.001.
Cigarette smoking, body mass index, body shape M Akbartabartoori et al (women) had a significantly larger mean HC than that in current smokers (Po0.05). Unadjusted mean WHR for the entire sample was significantly higher among exsmokers than current or nonsmokers in men (Po0.001) ( Table 1 ). For women, both current and exsmokers had significantly higher unadjusted mean WHR than nonsmokers (Po0.001). Women current smokers had a higher adjusted mean WHR than non-and exsmokers (Po0.001) ( Table 5 ). Women smokers in all age groups, excepting 16-24 y, had significantly higher WHR than nonsmokers (Po0.05). There were no such differences amongst male smokers. Alcohol consumption among current smokers was significantly higher than among nonsmokers and exsmokers for both sexes (Po0.001) and exsmokers consumed more alcohol than nonsmokers only in men (Po0.001) ( Table 1) .
Physical activity was lower among male, but not women, current smokers than nonsmokers (Po0.001) ( Table 1) .
Discussion
Smoking and BMI The present study examined the relationships between cigarette smoking status and indices of both weight and Animal studies have demonstrated that nicotine decreases appetite and energy intake. 30, 31 Epidemiological studies in adults have shown that the habitual intake of smokers is equal to or greater than nonsmokers and the diet of smokers was more energy dense than that of nonsmokers. 32 Studies of food consumption are usually confounded by misreporting, 33 but cigarette smoking also increases resting metabolic rate. This effect is mediated through nicotine increasing sympathetic nervous system activity and increasing thermogenesis in adipose tissues at least in rodent studies. 34 Perkins 35 concluded that cigarette smoking increases whole body metabolism rather than changing energy intake or physical activity levels. However, assessment of energy intake is notoriously confounded by misreporting in people with high BMI. 33 The present study did not attempt to quantify energy intake, but found that male cigarette smokers drank more alcohol and were less active than nonsmokers. The differences in BMI between smokers and nonsmokers in this study persisted after adjustment for these lifestyle practices.
Association of smoking and BMI in younger adults
Age is an important modifying factor for the association between smoking and BMI. 13 Smokers usually start below the age of 25 y, and former smokers are necessarily older. BMI tends to increase up to the age of 60 or 70 y. There are also secular trends such that BMI is higher at every age at present compared to previous generations, but particularly in younger groups. These inverse relationships between smoking and relative body weight tend to be stronger in older than younger subjects. This may be explained by the influence of a longer smoking duration in older people who may have attained a lower body weight. 14 Adolescents'
and younger adults' smoking initiation and maintenance have been related to weight concern in other studies. 5, 6, 17 However, available evidence does not indicate that smoking offers immediate weight control or long-term reduction effects. African-American and white teenagers and young adults [17] [18] [19] in both cross-sectional and prospective studies have shown no weight control benefit from cigarette smoking. As the majority of smokers start as teenagers, the present results support the view that younger people with weight problems are more likely to start smoking, and also that smoking is ineffective as a weight control strategy in the short term. In the younger age group, the present data cannot exclude an effect of smoking in promoting weight gain in young people, but this would be inconsistent with the data in older age groups. It seems more likely that younger people who recognise a weight problem are lured into smoking in an (unsuccessful) attempt to control the problem. However, this study examined data from a crosssectional study that only allows associations to be made, and it does not confirm a causal relationships between smoking situation and body weight.
Smoking cessation and BMI
Although exsmokers in this study had a higher BMI compared with nonsmokers before and after adjustment for confounders, there were no significant differences in BMI between former and never smokers in any age group. In the MONICA project, exsmokers had significantly higher BMI from work-site health examinations in Japan to show that when 'light' and 'moderate' smokers (o25 cigarettes per day) stopped smoking they gained almost the same amount of weight as never smokers. Weight gain after smoking cessation can plausibly be attributed to a number of interrelated changes: increased energy intake including fat-and sugar-rich foods, increased alcohol consumption, decreased metabolic rate and energy expenditure. 40 A study of mechanisms that contribute to weight gain suggested that smoking cessation was associated with significant changes in adipose cell metabolism. Adipose tissue lipoprotein lipase (AT-LPL) activity increased and this increase may contribute to the increase in body weight associated with smoking cessation. 41 The present study showed that exsmokers as a whole were less active and consumed larger quantities of alcohol than nonsmokers. These differences were greatest in men. This suggests that although smoking cessation is accompanied by weight gain, the quantity of weight is insufficient to compromise the health benefit of cessation. Opportunities exist for anticipated weight gain to be addressed by the adoption of a healthier lifestyle.
Smoking status and body shape WC and HC were used in this study as indices of body shape and fat distribution. In line with other studies that have found smokers have higher WHR, [20] [21] [22] [23] WHR was significantly higher in smokers than nonsmokers for women probably due to both higher WC and lower HC, to which lower leg muscle mass may contribute. In men despite their predisposition central adiposity, they had lower HC, which may be as a result of reduced muscle mass. Higher central adiposity and smaller HC have been reported among smokers in other studies, but the literature is inconsistent. 20 , 42 Lissner et al 22 showed that women who continued to smoke had a significantly higher WHR than those who stopped smoking. In contrast, a study carried out in general practice on 601 patients failed to find a specific pattern of body fat distribution, measured by WHR, in smokers compared to nonsmokers. 43 Jensen et al 44 reported that total fat and body fat distribution measured by DEXA was similar in smokers and nonsmokers, but that HC, not WC, was negatively correlated with 24-h cotinine excretion. However, the participants of the study were young and the sample sizes were small. Samaras et al 45 in a study of monozygotic postmenopausal twins showed that for twins discordant for smoking, those who smoked had the lowest total and central fat compared to those who did not.
A relatively smaller HC may be related to higher risk for diabetes because the smaller muscle mass (resulting from inactivity or illness) is associated with reduced capacity for glucose disposal and thus poorer insulin action. 46 Determinants of HC also may differ between male and female subjects, 25 so that gluteal fat mass and pelvic width in female and, muscle mass and pelvic width in male may be the main determinants of HC. WC has been found to be correlated highly with both intra-abdominal and total fat masses 29, 47 and increased visceral fat mass leading to increased portal concentration free fatty acids, which may in turn lead to hyperinsulinaemia and insulin resistance. 48 In addition, central deposition of body fat is associated with dyslipidaemia, hypertension, type 2 diabetes and cardiovascular diseases. 49 It has been shown that cigarette smoking is an independent and modifiable risk factor for type 2 diabetes. 50, 51 Several reasons may explain this association, which include an increased blood glucose level, impaired insulin sensitivity, dyslipidaemia, increased abdominal fat, free radical oxidative damage and oxidative stress and toxic effects of nicotine on the pancreas. The present study shows that cigarette smoking does not protect against abdominal fat distribution. Indeed it is negatively associated with body shape and this negative effect was more pronounced in female than male subjects. The altered body shape of smokers, with a relatively broad waist and narrow hip, may partially explain why smokers are susceptible to cardiovascular disease, diabetes and metabolic syndrome despite their lower BMI compared with nonsmokers.
The mechanism of the positive association between smoking and central fat accumulation reflected by adjusted WC in the present study could relate either to redistribution of body fat from gluteal to abdominal, or to muscle atrophy. Possible mechanisms could include differences in serum hormone levels between smokers and nonsmokers such as sex hormones or some remaining confounding factors, such as physical activity, diet, alcohol intake and stress level which could not be fully adjusted in the present study. 52 
Conclusions
Smoking is associated with body shape, especially with greater WC, particularly in women. This changed body shape may partly explain the higher risk of diabetes and metabolic syndrome in smokers, and have particular implications for the women's health. Smoking fails to offer any benefits in weight control in the young, particularly in women, although it is negatively associated with BMI in older adults. A greater BMI associated with smoking cessation (0.9 kg/m 2 in men and 0.6 kg/m 2 in women compared with nonsmokers, and 2.1 kg/m 2 in men and 1.6 kg/m 2 in women compared to current smokers) may have an effect on prevalence of obesity; however, the health benefits of smoking cessation would exceed the risks associated with this quantity of excess weight.
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